Abstract: This paper proposes a hybrid shortened transmission/ expanding reception technique and single carrier modulation with a zero forcing frequency domain equalizer when a single carrier modulation with a guard period is transmitted. Regarding single carrier transmission data as shortened OFDM transmission data allows an expanding reception technique and a maximum ratio to be combined in the receiver, and a parallel single carrier modulation with a frequency domain equalizer is used as a secondary receiver. The proposed hybrid scheme does not have channel codec but simulation results show it has better performances in comparison with the coded OFDM algorithm at the expense of algebraic calculations and FFT executions.
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Introduction
Orthogonal frequency division multiplexing (OFDM) system has been known to be effective for wireless local area networks [1] , and its combination of technologies, such as selection combining and maximum ratio receive combining (MRRC), have been developed [2, 3] . Among repetitive transmission methods in the frequency domain, we recently proposed a shortened transmission technique (STT) for removing time domain zeros generated from repetitive transmission and obtaining MRRC gain while expanding reception technique (ERT) in the receiver [4] , but it has a channel restriction of an exponentially decaying and static profile. This paper suggests using a modified ERT which consists of a sequential deconvolution with a decision and remodulation algorithm, in order to adapt it to dynamic channel environments. Even though this modified ERT helps to reduce propagation errors, there is still an unresolved divergence problem in the ERT receiver, and so the conventional single carrier modulation with zero forcing frequency domain equalization technique, SC-FDE [5] , is used as a secondary algorithm. We also use preamble symbols as a criterion to choose a receiver with smaller errors.
In this paper, we propose a hybrid STT/ERT and SC-FDE (ZF) technique for a single carrier transmission with a guard period, simulate it in HiperLAN/2 channel A and C, and show the results. In simulation results, we evaluate the proposed technique's performance in comparison with the coded OFDM performance. The performance is presented in terms of bit error rate (BER).
Hybrid STT/ERT and SC-FDE
A transmitter block diagram of the proposed algorithm is shown in Fig. 1 (a) . STT/ERT scheme is known to have frequency diversity gain [4] , and the performance is improved by increasing the number of symbol repetition. If we maximize it as the number of subcarriers, the transmitter becomes a single-carrier transmitter as follows. Let an N -dimensional OFDM symbol transmitted at the l-th symbol period be
where N is the number of subcarriers, and each symbol is repeated N times as (1).
The repeated symbol vector T l is divided into N -sized blocks to perform an N -point IFFT, and the IFFT output sequence of each block is that all (N − 1) data are zeros except the first data symbol owing to the repeated symbol structure in the frequency domain [6] in (2), while the first symbol value of IFFT output becomes one of N repetitive data.
t n l,i and T k l,i refer to the time and frequency domain signal at the l-th symbol period, and n and k, respectively, means the time and frequency index (0 ≤ n, k < N ). In (2) these time domain zeros may be regarded as redundancies, so removing them and concatenating the remaining symbols yields the initial frequency domain signals X l . A transmitter symbol p l consists of X l and a guard period (GP).
A receiver block diagram of the proposed algorithm is shown in Fig. 1 (b) . Two types of receivers are used in parallel. The first receiver is a modified ERT which consists of deconvolution with decision, reconfiguration, and an MRRC block after FFT processing. The second receiver is an SC-FDE (ZF) receiver which consists of wrapping around and addition, FFT, channel compensation, and an IFFT block. At the decision stage, we choose the receiver data with smaller preamble errors. The reason for using two receivers is that the modified ERT is only effective in limited channel condition, so the second SC-FDE (ZF) is used in case that the first receiver's deconvolution output is divergent. The preamble size simulated is one, five, and thirty two, among them 5 symbols of preamble is chosen considering the trade-off between data payload and performance. The larger the preamble, the more BER performance is enhanced, but the data payload size is smaller.
Deconvolution of transmission signals with decision and
remodulation Let the channel impulse response at the l-th symbol period be h l with M taps and channel output as q l and the user signal as p l in (3).
Here we omit symbol period index l for readability.
where ⊗ and w mean convolution and AWGN, respectively.
If M is less than or equal to GP + 1, i.e. HiperLAN/2 channel A case, p −m (1 ≤ m < M) pertains to the previous OFDM symbol's GP and p N +m (0 ≤ m < M − 1) pertains to the current OFDM symbol's GP as in (7), and time domain user signals can be estimated in (8).
In case that M is greater than GP + 1, i.e. HiperLAN/2 channel C case (22 taps), as p −17 , · · · , p −21 five data symbols pertain to the previous OFDM symbol's preamble (if five symbols of preamble are chosen), the first fivep i values (0 ≤ i < 5) can be estimated by using the latter part of the previous OFDM symbol (p −17 , · · · , p −21 ).
One can see from Eq. (8) and (9), as data deconvolution proceeds, the number of AWGN involved increases up to the channel length. In order to reduce the propagation of errors due to the sequential processing, we demodulatep i into digital bits and remodulate them asŝ i . symbol in the frequency domain.
We can reconfigure reception signals at the receiver by calculating convolution between eŝ i and known channel impulse responses.
In case of HiperLAN/2 channels, as r i,N · · · r i,N +M −2 in (11) are zeros, there is no need to add the wrapped around part and the forepart of linear convolution. After performing an FFT with each r i , R i is derived for MRRC operation.
This R i is a virtually received signal vector in the frequency domain when T l,i is transmitted, so we can apply MRRC for each T l,i to decode X i .
Preamble structure for choosing smaller errors
As ERT's deconvolution error may propagate, the sequence of assigning preamble is from the rear part of a transmission symbol, for instance X
are assigned as preamble symbols in case of P symbols of preamble.
Simulations
The transmitter's transmission speed is 14.75M symbols/sec = 59 symbols/ 4 µs, and every 80 symbols (59 symbols of data payload, 5 symbols of preamble, and 16 symbols of GP) are grouped. In the receiver, the parameters of the simulated OFDM system are set as follows. The entire bandwidth of 20 MHz is divided into 64 subcarriers. The period of one OFDM symbol including effective symbol period, T s = 3.2 µs, and guard period, is 4 µs. HiperLAN/2 channel A (9 taps) and C (22 taps) are used for simulations, assuming perfect channel state information. Fig. 2 shows the percentage of successful detection attempts where each receiver output is selected. In  Fig. 3 , the performance of the proposed scheme is presented in terms of BER in comparison with that of the 1/2 rate coded OFDM algorithm of which generator polynomial is [171 133] . In order to compare two schemes at the same transmission speed, we doubled modulation level of coded OFDM. This • Hybrid scheme (uncoded, ml2), Hybrid scheme (uncoded, ml4), Hybrid scheme (uncoded, ml6), OFDM (coded, ml4), OFDM (coded, ml8), 3 OFDM (coded, ml12) means that the compared coded OFDM algorithm does need convolutional encoder and Viterbi decoder, but the proposed hybrid scheme does not.
As reviewed in Section 2, the hybrid scheme's IFFT/FFT execution is 66 times (64 times for modified stt/ert and twice for SC-FDE), but one FFT consists of just 9 nonzero inputs (for channel A), so hardware complexity is reduced to 9/64. Therefore hardware complexity is 64*(9/64)+2(SC-FDE) = 11 for channel A case and 24 for channel C case. The performance of the proposed hybrid scheme is better as compared with that of the coded OFDM, especially in HiperLAN/2 channel C with long delay spread.
Conclusion
This paper proposes a hybrid STT/ERT and SC-FDE technique for single carrier transmission data with a guard period, and its transmission symbols are derived analytically to be the same as shortened transmission technology's OFDM transmission symbols. In order to avoid error divergence problem in the STT/ERT, a modified deconvolution method, a secondary receiver algorithm, and a chooser criterion are suggested. The simulation results show that the proposed scheme has better performance in comparison with the coded OFDM algorithm.
